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(54) v-tf^v-^on>^^-fT>xwffli^: 

(57) 



[aai »»esisi:ffiiwjaitifltoH#jticft»a 
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[ffSBSI] ^tfaU-^lt^fc.fclfhyU-J'O^-f 

-K/^y^*yw««jsu *o±mz. mm. m 
mm <d ? -r - km y ? »j 'mzm® l tc z. t *<&m t r % 
t> Hb^-xcap yzr^^Tyzftl'Mttizts^z. 

[K30S2] T-tfab-^CDftiSO&av &j& JjP 
Hs mm. M3»9M*£*tW6ttfcfflta*»a«*fc» 

fanc*si;Tffl*K3£-r*fiamit, ««tttt» isam 

ti Silibtc-Sf-r 5 <£ o fcfcHMrfj -5 p v 7 5 -f T 7 v X 

[11*513] 7=fiu-^«©fii, as. una 
KjuvTy-owjyVLtcmtci&iSLm. mm. mmm 

* CO P > -f T 7 V X*iJ»*^. 

h^ta. ©{SWAT'S >A 7>fn- *8B 

ssoffia, isae. apsssfc^ftasKfinto^^fi^ 

smttics^TS^+i^-otr-^vxittt^sit 
w**i«ii«itf:-at-*j: 5 (cM0»fr o^yy^-fT 
yxmufimas^z. T^^^-^^ovrnt v y 

*-s«»j»*«fi2r«c:<i:*1$«<!:-r«P?Ky h^-tf 
il/- *<D*jh/l/^-X • PVr^'fT'VXSiJffli^ 

[«*)S5] T-fcfaU-*Jfc4£KflPfo*tt*j:7-r- 



**UW*:*J HU-^-X • PV^-<7 , >XWJW75SC 
tcfctt3*) HU<5'Jg<££P-/\°X7<;U*U:<£oT7'l' 

u y?LrciM**. mt%.9\mn Hu^js^-r* 

Ct*«F«fr«WsR514lc|BK©P#'y hy'-tfaU 
-*co*i h;b?<*<-x • p v^7-< zvxsijateiCo 

wit»o i kirs?* a «fc d % x ^ x-i- > - mm 
**uw* c tzmutt *it *js 4 sfd* 5 kiskco 

P#v l-vrfcfiiU-^CCtfj HU^-X • uy-7=7<< 

TyTMWs^L 

[000 1] 
[0 0 0 2] 

-^•>x («tt, mtt) **r*«fc3ft*j»*v 

js) mw&*mf$u *<D±mz<fy£—?yz : E ; rii> 
a (mm) mmmztiLW (mm m**^**^* 5 * 

5o AJjltf&itK rgt;liJSS)SiJ»^#iS3S:*Vol.24 ( No.1, 
55/62, 1988J (C^6tl5^Bas 'hSSflWSIBflm^- 

xroav75'T7 , vx*jap^iez : -S« (WT, 
X • =lV75-1'7 7 VX$iJfflIi:D¥,y;) „ */fc, ^¥4- 
4 3 7 4 4^£«fc*Stt*;&iCttj8£^-X<&PV7 
5-f7VXW«l*a-p** (KT, JSJS-N-X • =1V7 
7<7 7 >X»J»<!:p?^) „ 
[0 0 0 3] T-kfo. (Baffin's? h;U^ P = 

[p1,p2 pi pn]'(n<;=6) , ^(DlSlfil^^ h/U 

£ Pref = [pr1,pr2 pri, prn]\ ^ntfaU— 

ZOttimmttttti^V h;U« fe = [fel.fe 

2 fei fen]'fT«<t, ffiS (5SS) ^-X ■ 

PV7^-<7 7 VX$iJffl)l^ T-tfab— *HD^%KW) 

%P, fcJ:m+il«WSPcOPreffr6, 
[0 0 0 4] 
[»1] 



(3) 
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Md (P - P ref) + Dd (P - P ref ) + Kd (P - Pref) = - f e (1) 
Md P+Dd (P-Pref) +Kd (P - Pref ) =-fe (2) 
Md P+Dd P+Kd (P- Pref) = - f e (3) 

[0005] tx£a><f>\z-?>7>iffi&*mm.t%-* <D±mzfow. mm. sn**tt£<07^-F7**y*ji/-- 

(iU) JB^ffl^h/UtLTTffl^fW (« tt* tttt, Mtt (fflMMk «S*£tt, ffi&WJtt) «H 

3«3(l)^(3)fl!)J:3K«^a:*^W**, 3(1)- * UXT\ * h/l/^-X • =1>7 : 7-<7 7 VX*JW<!:p? 

(3)lc*>l>TMd. Dd, Kdtt^tiOTlMtt* tttts Mtt* -5) o 

•rjEJBWWrW?**. Xitt rp#* H*/\ [0 0 0 6] fMffllBWKLfc^- Ka U-*OSHftS" 

>K7V? p. 254, B*d<Kyh¥ft. 1990, UP* «ai*0#©*3»C«*tl*. 

*±j ic».sn*#3w\ ffin**^«ais^-x • n > [0007] 
77<;pv;*M»*3£i**fttu £r; T-tfjiu- [»2] 

M(q)P + D(q)P+S(q,q) + fe = uf (4) 

[0 0 0 8] q = [q1,q2 qi qn]' ttHffStt BfttSraTSS. H«PA*ufB#H»™*S*lfc 

^h/k uf = [ufl,uf2 ufi ufn]'tt*J»A 7^fiI-^(0^ (HU*) tC^oT^-T^^- 

a*C*h/l/W6*. M(q),D(q) fcTab- tTa U-*#ifM)«ft» £3tLTl> 

*<&fltttfT9!k ISttWJW*. S(q.dq/dt)tt^-kf3. £ D -TWrS* MffilBIt)*! (h/U*) £uj = [uj1,uj 

u-*os*k imraia&'ittj • ay*y*K 2 uji ujnyttzt. 

uj = J(q)' uf (5) 

T**. *JHU?^-X • Z}y7^<{T>7>ftMTlts [0 0 0 9] 

uf = fcmd + Kf( fcmd - fe ) (6) 
ZCT\ fcmd, Kftt*ftf r tl*»««^ h;k *T7*r [0 0 10] 

-K/^y^^-fVfiWT**, 3(4), (6) fcmdtc QR3] 

Cl+Kf)~ 1 ]l(q)P+(ItKf)" 1 I)(q)P+(I+Kf)- 1 S(q, q)=food-fe (7) 
[0011] tte% 0 I ttWttft*|*Kr. * [0012] 

6^ *iS<&fcmd*(ML ifttx flQilJS^^-K/Vy DR4] 

*»c*y* 

fcmd = Kd (Pref - P) - Dv P - Ma P (8) 
[0 0 13] tmmtZt. 3(7), (8) «fey, ^"t°ZL [0 0 14] 

(a + Kf)- 1 M(q) + Ma)P+((I + Kf)- 1 D(q)+Dv)P + Kd(P-Pref) 
+ (I + Kf)- 1 SCq, q) = -fe (9) 



[0015] £&£ 0 3(9)*y»7-r-K/W*y^r 

-f - K/ * y <7 y ^ vff MMafcWUrr * C £ K «fc U , 71 

Vff5iJKdtcj:oT«aWJttW««^K*T**o 
[0 0 16] 



(4) 
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7'7-f7 T V7.$W7?iCX ! «s »ttl£J&l4£ffiMiiiJMtS 
©P5#Wlc ft» ft a V y 7 f T 7 V XSIWJS^IHKT* & 

[0 0 17] 

ID («Iix¥ffi) ttSX^-fx-fV^-KW^ 
[0 0 18] *R9J(i % 7*fH-«t l JV 

^hx-^womml sits yv7gp<Dffi!Hs mm. 

Mm x m + Dm x m + Kg (xm 



#©HCiR5R*««l»-r*Ct*W*i:-r*o 
[0 0 19] 

= fcTaU-4ru:o^Tl«#»cWBr». 0 3 (a) tiT* 

*o HEIkfc^T, mT^^ax-^ 2B'JV^ 
3ttl>Kl7i^^, 4ttXiHI* SttT'^n.X- 

MBUHtli»k 7ttlVKl7i**Kl«D*»*©« 
T\ 03 (b) coddle, l>Kl7i*>3W«8 

[0 0 2 0] E|5tCfc^T2 1 teT^^zLX-^gPfl)'!! 
ttMrru 2 2ti7 7 <7^iLX-^gpcO*£tt^^Dm, 2 3 
ttUV^»<DffltttMU 2 4tt'jV^BB©W1t»«r«W 
U 2 5liXHM)MttKg* 2 6 (HMOMttKo* 2 7 
«7 7 ^^ 1 aX-^«^ufs 2 8(il>Ki7i^3 

x—?gP(Dffi«s jSJg«tB»5^5St**tl«XVKx 

WU»6fr6»6ft*x> Ki7i^^O»hStt* 

[002 1] 
[»6] 



-xl) =uf 



Ml x 1 + Dl x 1 + Kg (xl - xm) + f e = 0 



(10) 
(11) 



[0 0 2 2] STcs i>Ki7i^*3ti*8i:(0» 
fe = Ko xl 

ex = xm - xl 

£I¥®W = 0 £ 

W = ex + C (ex - v/Kg), 

[0 0 2 4] fJ-SX^-fx-f >y^-Ktf^i;*«t3 



«ia*«/j^wttxm f x i (DWjat-r * 

(12) 

J8fcOlvaJWrr*o 2 0(D«/jNStexm«h xlOfiiM* 

(13) 

[0 0 2 3] 
[»7] 

0 0 (14) 

T»*o 5S(14)tcfelNT. T'^ax-^BPcDffiBxmi: 
■J V^»Offi«xl<0flil»ex3!?«rfca^W hiU^*8*v(D 



(5) 
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W)jj&mmm<Dmvm<D i c i /Kg) Mx*-r*j;KiS a;(ii),(i4) cdjs&i* 

fi*fiSLTl^o X7^7-f vyt-KtfftUTV [0 0 2 5] 

Z>tZ<D-\ M&mntfy h7Z tfaU-^tC^^Tt*. [88] 
Ml xl + Dl xl+Kg (xl-xm) + f e = 0 



ex + C (ex- v/Kg) =0 

[0 0 2 6] £&£ 0 xt(16)^5^X^-T^i: 
[0 0 2 7] 

C V 



(15) 
(16) 



[89] 



Ex = 



s+C Kg 



[0 0 2 8] tteZ 0 C [ rad/s ] £ y +#ffi^J?a&8 
xm = xl + v/Kg 

(Mis 2 + Dls) XI + Fe = -^V 

s + u 

[0 0 3 0] CCT\ V £ 

V = Kf ( fond - fe ) + fcmd 

[00 3 1] 

fcmd = Kd (xref - xl) - Dv xl 
[0 0 3 2] OcfcdUlx V"lf;LU-*$fcSltftD:b*tt 

*UWl<:*5W-S^h;U^»*fr«o CCT\ Kf, Dv, Kd 
Ml 2 V1 , f Dl , C 



(17) 

mtVttex = v/Kg "6% 

[0 0 2 9] 
W1 0] 

(19) 



(18) 



(20) 



[811] 



(21) 



(20). (21)J:y. -fe (B5#RR) 1 §fi 

[0 0 3 3] 
[81 2] 



1+Kf 



XI- 



1+Kf 



„ Dvls XI + — =^ Kd (XI - Xref) 
S + 0 J S + V-. 



-( 



1 



Kf 



Fe 



1+Kf s + C 1 + Kf 



[0 0 3 4] fcfty, P/1ty h"7-t: 0 iLU-^CD«IMW 
tt«tf«lAStlT^*Ci:»t)^*. *fc, 35(22) l*C 

[ rad/s ]*»j+»fii^awwm 

Ml • . . ( Dl 



(22) 



[0 0 3 5] 
OKI 3] 



1+Kf Xl + ^1+Kf 
[0 0 3 6] fcfcU xrefteXV Ki7i*> 

<*>»'J xSffix I CO 1 AWiaiTS « o it (23) « -f > fcf- # V 
^Wtta*©t>0)T**o 30(12), (22) cfey, xref = 0 

c ( c+ fl){fk + MT 

[0 0 3 8] £&£o aiS|OP|iJ1tKotf*IBT*tl«s c 
^ T«Mfi&ftff 4)3 (24) MS 



+ Dv xl + Kd (xl-xref) =-fe 



(23) 



^5C(22)^-r^P 4 y^> 1 2\t*mm<DW\mo*&t7 

[0 0 3 7] 
[81 4] 



>C(1+Kf)gf + 



(24) 



^ K*ai:**«iw«)A*uf**»*. afc. 

Hi BWJ»3R*f*<07Py^l»iaT**o 5C(10). (11), 
(13), (14), (20), (21) *y % M«A*|uf* 

[0 0 3 9] 

[81 5] 



(6) 
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uf = he ex + hm xm + hl x 1 + hr xref + hfl fe + hf2 fe (25) 
[0 0 4 0] £33<t, W dW/dt tt-sS^cfcdtCtt^o [»H] 
[004 1] 

C Mm(l+KDDvl 



Ml 



W ex 



+ (hm - Dm + C Mm) W x m 



[ Mm(C Ml-Dl) C Mm(l + Kf)(MI Kd-Dl Dv) 1 w ^ 
{ Ml Ml Kg | X 



. CMm(l + Kf)Kdl vs , 
+ ihr 7T [ W xref 



Kg 



C Mm(l + Kf)Dv , 
+ {hfl MfKi + 



Mm 1 TI7 > 
Mft W ^ 



hf2+ 



C Mm Kf 



Kg 



)w i. 



(26) 



[0 0 4 2] LTcftnT. 
he <; Kg(1 + Mm/Ml) - C Mm(1+Kf)Dv/MI 
he >; Kg(1 + Mm/Ml) 



if W ex >; 0 
C Mm(1+Kf)Dv/MI if W ex <; 0 
hm<Dm-MmC if W xm>0 



[0043] 
[&1 7] 



hm>Dm - MmC if W x m<0 

hl<Mm(C Il-DD/Ml-C Hn(l+Kf)(Ml Kd-Dl Dv)/(I1 Kg)if f xl>0 

hl>ttn(C Ml-DD/Ml-C lfn(l+Kf)(Ml Kd-Dl Dv)/(I1 Kg)if f xl<0 

hr<C Mm (1 + Kf) Kd/Kg if W x ref >0 

hr>C Mm (1 + Kf) Kd/Kg if W x ref <0 

hfKC Mm (1 + Kf) Dv/ (Ml Kg) - Mm/Ml if W fe>0 

hfl>C Mm (1 + Kf) Dv/ (Ml Kg) - Mm/Ml if W fe<0 

hf2<-C Mm Kf/Kg if W fe>0 

hf2>-C Mm Kf/Kg if W fe<0 (27) 



[0 0 4 4] *ffi&?Z£olCj£(25)V>&'f<<>*WV 
WTLZCtizk-oT. W dW/dt <; 0 ftf&Vtt. 7s=?<< 

mi <D&^\,zrsz> 0 ^itcfci^r, ioi«p*yh7 

-¥=L[s-#o>#<<i-5.<7X('\Q), (11) , 10 2«3«« 
(OWISTft^o 10 3ttffil7<-K/WW> «S 

awtt) Kd, 1 0 4t*ji^^<-K/vy^^v «e« 
y-rvKf, io6tti»»n7««. io7im^m 

(14)CDI+»gP> 1 0 8 atixt(27)lCS^<7^- K/Vy 
^y-fVO«J»*»IlfflT**o 10 9. 110, 11 
2, 113, 11 3al**ftWlex, dxm/dt, dxl/dt, 
dfe/dt, fe(7)7<-K/* % y*y-rVT»*o 1 1 1 «dx 



ref/dt^^-f-K^^^-HWVT^^o 1 1 4. 1 
15, 116, 117, 11 8tt*tl^*lP#y h^- 

gpcDffiSxmCO^atff, 7 7 <7^^x-^gP(D^dxm/dtCD 
tttttt. U>*8P<MMxl<0«tm 'J>*gP<7>5lJtdx 
l/dt(0«aj»T?**o 

[0 0 4 5] ffFfflOtHWin 0 7ttV(Dffi<5:jt(14Hc 
»-3^TWO«*ttIir*o tt»*3WSl 0 8al*W 

fiiitje(27)tc*^t>T*7-r- K/w*y*r> 109- 

1 1 3, 11 3 a<0fi§££M-r*o £fc, UV?SP<DtlQ 

[0046] 
[»1 8] 



uf=he ex+hm xm + hll xl + hl2 xl + hr xref + hf fe (28) 



(7) 
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[0 0 4 7] £3$<ts W dW/dt it [&1 91 

[0048] 

W W = — ^ [(he - Kg) W ex 4- (hm - Dm + C Mm) W xm 



+ jhll _ C Mm + CMm( ^ Kf)Kd jwxl 

+ | hMm+ L»| wil 

+ LCM«| W xref+ ( M+ C^|nKf] w ie] 
I ^ J I I (2g) 

[0049] [00 50] 

he <; Kg if W ex >; 0 [»2 0] 

he >; Kg if W ex <; 0 

hrn<Dm — C Mm if W x m>0 
hm>Dm-C Mm if W xm<0 
hIKC Mra-C Mm Cl+Kf) Kd/Kg if W x 1>0 
hll>C Mm-C Mm (1+Kf) Kd/Kg if W xl<0 
hl2<Mm - C Mm (1 + Kf) Dv/Kg if W x 1>0 
hl2>Mm ~ C Mm (1 + Kf) Dv/Kg if W x 1<0 
hr< - C Mm (1 + Kf ) Kd/Kg if W x ref>0 
hr> - C Mm (1+Kf) Kd/Kg if W x ref <0 
hf < - C Mm Kf /Kg if W f e>0 

hf>-C Mm Kf/Kg if W fe<0 (30) 

[0051] *auer*«fc5tcsc(28)<7>*y-fv€-wy * 0 ccciti &&mu#y h^-tfau-^^ 
h 2 <&j: 3(29), oo) yv^aaaiina au-*icoi>Tti^<n«o*ar*j»**«fiK-r« 

#T***o EUfcfcl^TI 0 8b, 1 1 2b. 1 1 91* [0 0 5 2] ^ " tf a U-^<7)BIS^BBT(7)iIK*S3 

*tiwsc(3o)ic»-^<^-f>w»Aaiji», u>*» * 
oipajto^-r-K/^y^y-fVs yv*ffia>iin»flta> [0053] 

«U»T**o fl&<DWRlcoi/>T**H 1 ££<WUT* »21] 

Mj (q) q + Dj q + Tfric 4- Text - uj (31) 
[0 0 5 4] fc< e CCT\ Mj(q),Djt4*tl^tlliB»ffi a U-^CD^^iStC-^x.^^^ h/U (h/U?t$ 
BBTC0T-traU-^(D«14ff5iJ, tt14ffWT**o Tf t?) FexttCioTBWcSi:* h/U*?*y* 
ric ttHBffllBT0>*N«B*«^^h;k TextttT^b? 

Tfric = J(q)'Ffric , Text = J(q)' Fext (32) 
flWyifcOo «1tfir9J M j (q) . ttttff5iJDj©4i*fit (/ *y=dq/dttfc< 0 iC(31)^6^-tf a is-*<D$mB 
Si-MB. : /\°5p<-^P^c<fcoT^46^) *MJn(q), «**:3#<D<fcdU:at*-r*o 

"Tfric(s) = Fit (s) [ uj (s) - Text(s) - {Mjn(q)s + Djn } Y(s)] (33) 

czx\ ~ imi£W?&z>zt*mT 0 Fit(s)«, m [0055] a (33) & y m^titammmm m Tfric 

Sffl^iBJB«fiK»*l«S-r * □-/ \°X*7 -f ;l/*ff?JT* (s) S-ffl^T, $'J$PA*luj £o*r4>J: a teflUST 
U j(s) = — U j(s) + ~Tfric(s) (34) 



(8) 
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3 (33) , (34) * U ^31* 7lf-/ t*ffl^fc#iHgJ«*a) 

RSP, 2 1 6ttP-/»7<iW, 2 1 7«-^3tffir5«J 

;l/*tttti#SL 2 1 9tiT-tfiLU-^o^®5^^jg^ 
ffl#S, 2 2 0!,m®7 7 <7=?n.JL--Z(Dh)U<7*mffl? 



5K7</^ 2 2 1 SKO^^S ^X? 

[0 0 5 6] CCT, 3(34)CD — uj *«ffeft*"J»A* 

»*«flir*o 3(33). (34)£yM*Aftuj»« 
[0 0 5 7] 
[»2 2] 



uj(s) - {I - Flt(s)} _1 ^uj (s) — {I — Flt(s)} "" 1 Flt(s)Text(s) 

— {I — Flt(s)} ^FltCs) {Mjn(q)s + Djn} Y(s) (35) 

[0 0 5 8] tmZZo l3HW<-7>'1>-7 : 7<fT VX$MS(6) f (8) <hfWJ*HtC 

uf = Fcmd + Kf ( Fcmd - Fext ) (36) 

[00 59] [R2 3] 

Fcmd = Kd (Pref - P) - Dv P - Ma P (37) 

[0 0 6 0] tffif&?Z> 0 ~ uj£3(5) tmmz^-\^ aU-*©*3tff5W*BU*T % 

— uj = J(q)' ~uf (38) 

tmtittZo P-/tt7^/W(T«t »2 4] 
[006 1] 



Fit Cs) = 



1 



1 + tc s 



I 



tc : Dw^7-f^O«BI 



(39) 



[0 0 6 2] aC35)^(39)«ty, ^sl^- 

• □V7 p ^-r7 7 VX»^^P'y^^I2ItiE17 

■7ny*BT**. H7tCfi^T, 20 K 2 0 2, 

K/^y^f>, 7 -r-K/fy^'r 
2 0 4, 2 0 5, 2 0 6^tlftl> ^-tfn.U-£<E> 

■**^^-f ^XK»!5WT**. 2 0 7, 2 0 8, 2 
0 9BWWU T"t: o aU-^0^ii5|gfij^i^(7)J:b 
HU^attfcHBk TrtfzLU 

5 0 2 10, 2 11, 2 12, 2 13, 2 1 4tt*tl-f 

BIMtttij#& ^-KaU-*HI»7 7 ^^al-*<0 
Kn(q)=J(q)'" 1 l[jn(q)J(q)r 1 

[0065] <ha^n^ 0 3(33), motmBjmw 

'Ffric(s) = Flt(s)[ uf(s) - 

uf(s) = ~~uf(s) + " Ffric(s) 
tmmU ~~uf *«rfcft»JWA*tLT*lh;U^^- 
X • 3V7t< 7 7 VX*J«I*«ri6"r*l»«fcl\ fcfcU 
z l£ z=dX/dtT*« (^£:iU-*(0ft*ffiBTG>iS 

a«j»*^<, f^fflBT<D«*tt#ftlMf$lcW\ 
Mn(q), Dn(q)***tt«> M*T«»g5fflHLT#», £ 

W = Dd P-hKd (P — Pref) -f — fe 



|g|7(D2 0 7~2 0 9tfS6<DttSLHI^ 
««»cffla-r*o fc/cU H7 0)»J«95TB:M5««7 
w-K/^y^y^V**ff5>JtLTt^o Mj(q) 

mmmnmmfcft^T&mtKzrcto. Mjn(q)*wft 

Mjn(q)£fc£tt«, §B»TWJBftifi(ttLT*», £3£*t 
LT«BWSWil«»««iaLTti 
(USSffiJ 3 ) USSflJ 2 w^a*^-/^* **BBB 

[0 0 6 3] -7-e3.U-*(0ftStfflBTt0l«14ffWx 
ttttffWOiiftfflMn (q) , Dn (q) te^H ti U- * CD^®5 
ftB-WMHttfrW, «ttffW0>a*mjn(q) f DJntC* U 
[0 0 6 4] 
[82 5] 

Dn(q)=J(q) , - 1 Djn J(q)~ 1 (40) 

Fext(s) - { Mn(q)s + Dn(q) } Z(s) ] 

(41) 
(42) 

« 

[0 0 6 6] 
[82 6] 



(43) 



(9) 
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[0 0 6 7] ■W*ft*-fVfc!-*VXlStt5Si: U « JWBISfiWDdH ffiaHJttfiWKdttWftfrW 

Dd = diag[ ddi, dd2 ddi, ... , ddn ] (44) 

Kd = diag[ kdl, kd2 kdi kdn ] (45) 

i«. — fe «\ fe^n-/\ 0 x^<;l/^^JjC 

Fit = diag[ l/(t1 s + 1),1/(t2 s + 1) 1/(tn s + 1) ] (46) 

U P-/tt7<iWM7h*7iaiB4 kdi/ddict TMK 

d( W W )/dt <; 0 (47) 

tfayAoisx^-fx-rvy^-Ktf^i:^ ^-t:^ [0068] $r\ w sofOctaicni^B^ 
* Q a(47)*MBr«j:3(cimHH*auer«. 

W = [ wi, w2, ... , wi, ... , wn ]' (48) 
[0069] [827] 

wi — ddi p i 4- kdi (pi — pri) 4- fei (49) 
[0 0 7 0] ZCDtZ. d(W'W)/dt U [»2 8] 

[007 1] 

d(W W)/dt = 2(wl wl i w2 w2+ + wn wn) (50) 

[0072] tmvzo 3(4).(43)*ydi/dt *tmr [007 3] 

^tO^cfe-ptCft^o [82 9] 

W=Dd P+Kd P-Kd Pref+~fe 

=Dd H(q) _1 (uf-D(q)P-S(Q,q)~fe)+Kd P-Kd Pref+"fe 

=Dd[MCQ)" 1 uf+(Dd~ 1 Kd-M(q)~ 1 D(q))P-Dd" 1 Kd Pref-H(q)fe 

+Dd- 1 "fe-K(q)- 1 S(q,4)] (51) 

[0 0 7 4] 

uf = M(q) "uf + fe (52) 

~uf = [ "ufl, "uf2 "ufi, ... , ~ufn ]' [0 0 7 5] 

<hfc< ts dW/dt »«fftftWJWA^ * uf KHLTttft [83 0] 

fls**i*o CO)*:** dwi/dtt* 

ii=ddi[^ufi+(kdi/ddi-{M(q) _1 D(q)}ii)pi-kdi/ddi pri 

+l/ddi _ fei- S {M(q) _1 J)(<l)}i: PJ-{M(q)" 1 S(q,q)H] (53) 
j — 1 . i r — i 

[0 0 7 6] £fc* 0 ttfc&WJWAJTufi* [83 1] 

[0 0 7 7] 

" uf i = hvil p 1 4- hvi2 p 2 +. . . . 4- hvin p n 4- hri p ri 

+ hfi f ei 4- hsi sgn (wi) (54) 

[0 0 7 8] t&<£s SC53).(54) *y [83 2] 

[0 0 7 9] 

wi wi=ddi [hvii 4- kdi/ddi — {M (q)~ 1 D(q)}ii] wi pi 

+ ddi [hri-kdi/ddi] wi pri4-ddl [hfi+l/ddi] wi — fei 
+ ddi [hvij-{M(q) _1 D(ci)}ij] wi pj 

+ ddi [hsi | wi | - {M (q)-^ (q, q)}i wi] (55) 
[0 0 8 0] tfffiyjtOo LfctfoT. [83 3] 

[008 1] 



(10) 
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hvii<{M(q) _1 D(q)}ii -kdi/ddi if wi p i>0 
hvii>{M(q) -1 D(q)}ii -kdi/ddi if wi p i<0 
hvij<{M(q) -1 D(q)}ij, j ! = i if wi p j>Q 
hvij>{M(q) _1 D(q)}ij, j ! = i if wi p j<0 
hri<kdi/ddi if wi p ri>0 
hri>kdi/ddi if wi p ri<0 
hfK-l/ddi if wf~ feiX) 



hfi>- 1/ddi if wi f ei<0 

hsi<- I {M(Q) _1 S(q > q)}i I 
[0 0 8 2] *ffi&?Z>&olzm54)<0&?^>&V)9 
XZ>Zt\Z&^Ts wi dwi/dt <; 0 tff&*)tL^ 0 Z.<Dt 
%s S)(50)J:U^(47)^UiE^. ^-£jL\s-Z<Dm 

M (q) =J fa)"" 1 Mj Cq) J 
[0 0 8 4] tmZtlZCD?, xC(5) O^iE^uj^ 

uj -Mjn (q) J (q)" L 
[0086] 5£(54)£U "uf £ 
[0 0 8 7] 

"uf=Hv P+Hr Pref+Hf fe+Hs 



(Q)" 



(56) 

ffiT^JM (q) t*. ^lf5^^T^1Stt^UMj (q) £fll^T> 
[0 0 8 3] 
[IK3 4] 

l 

[0 0 8 5] 
m3 5] 



(57) 



uf + J (q)'fe 

[&3 6] 



(58) 



(59) 



Hv=[hvij] 
Hr=diag[hrl,hr2,.. 



, hr !,..», hrn] 



Hf=dia«[hfLhf2 hfi hfn] 

Hs=[hsl Sgn(vl),hs2 Sgn(w2), . . , hsi sgnCwi), . . , hsn sgn(wn)]' 



[0088] t&<ts ®\®&<D-mi&mim8<Dyn 
i^Dd t izmmmdco << > tr~ x / ^ - * ia^gp, 

3 0 2 text (43) <£iS¥S<7>}ltllgP, 3 0 3 teiC(56) 

ytr-^vx/^^-^D^Kd^^^n^d:. >nsa5 

3 0 2fc^3 0 3 tl*o 3 0 4 tttttetfRWtt 

T&£o 3 0 5tidPref/dtC07-<- K7*«7- KWV 
Hi\ 3 0 6 lid - f e/dt ©7>f-K/^ WVHf, 3 

3 0 8tedP/dt CD^-r- K/^y^^-T >HvT^^>o 3 0 
9tiiC(58)tCM6tl^^-t:iLU-^^#^J]P^ltJg^ 

"M&X&fcfr^o 3 1 1 Bi73tfS5!IT**y, 
»*dq/dt ^6#Jta*dP/dt 3 1 2 

ttJH+*^x^^X«»fr5iJR(q)T**^o 3 1 3ltJl=E 
-/yhaum 3 1 AttHKT 7 *^!-*©^ 



(60) 

-f/^ 3 1 sttmpxBKtt^a* 3 1 eimmzwm 

B?S?8«c 3 1 7tta(4)T«ffn^T-fcfaU- 
*(D*f-r^-5*;u 3i8tt7rkf2U-^tf8«i« 
l*©^ts^X7*«o 3 1 9t*p-/\°X7^;U^ 

T*». 0 2 1*3(43) l£*3l,>TW<0 

«*ttJW*o We^.3ISSP3 0 3ttW<Dffl*5£(56)lC 
»^T#7 -<-K/W^^>3 0 5-3 0 8 

[0 0 8 9] Cfl)^a?B, »*«*©«»«*iEWt 

-/ \°X7 -f /U* cfc -f "J > ? p Lft«#~ fe* 

StCcfeoT»6*lfcM(q),D(q),S(q,dq/dt)<©4i»fflMn 
(q),Dn(q),Sn(q,dq/dt) *«l/>*J(k 

[0 0 9 0] 
[R3 7] 

{Mn (q) _1 Dn (q)} ij f {Mn (q) _1 Sn (q, q)> i 



(11) 
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[0 0 9 1 3 <D«**t«/Jxffl**«t>y % 3(56) €-31 £ 0 -?6tt> ifi<ttLTSttfiW<fcr*C£fcT***^ 
TBM(q),D(q) ©«ftaitt#«*MBCjfc^Tfray«» do 

T**frs, Mft^siu hvij,ji=i *-tfptL (mmms) 

T»J»»J**6lcWIMbLT*iJ:t\ *ORI, hsi p-zC^^l,* 
»«*^*»tCKSLT«l«Lfe#»ft^^«3b^^ [0 0 9 2] 

JW*py«H?fttt*K46*t*i\ ftgtttf [S3 8] 
**^«&l*ijn (q) *»ftffWKfiiHr * C fcfcT* 

T~X + — X = X, T = diag [tfl, tf2 tf i, . . . , tfn] (61) 

[009 3] tCcfc^T7^;U^U>^tl/c^-b 0 aU [0094] 
-Ztt<DitLW~K mmOMT~ Pref. &lt~dP/dt x An [»3 9] 

>Dt — d2P/dt2, tt*J- — feKttLT, i£I¥® W = 0£ 

W = Md~~ P + Dd~~ P + Kd (~ P - — Pref) + — fe (62) 
[0 0 9 5] fcMU X7-fr-f^-K<ttC* c fcdtc$iJfflJ^^t S ft^-^ o ffia«tt^JMd(i»ftfr^J 

Md = diag[ mdl, md2, ... # mdi, ... , mdn ] (63) 
£TZ>o X^-ff-fV^-Wii:, T-tfal/-* [0 0 9 6] 

flDa«l36l«a¥ntC»**tlT^*i:#B»tC. [R4 0] 

Md P + Dd P+Kd (P - Pref) = - f e (64) 
[0 0 9 7] tfrtUftO. SC(61).(62) cfey, W BO* [0 0 9 8] 

4><fc3tf:**tl*o [»4 1] 

f=IW T" 1 P+(-Md T~ 2 +Dd T _1 )P+(Kd T~ 2 -Dd T _1 +Kd)~P 

-Kd~Pref4~fe (65) 

[0 0 9 9] nmffl4t\%mzVl £n m<D&¥-miC#91 I0100] 
TZts wittO*©*^^**. [84 2] 

wi - mdi/tfi p i + (- mdi/tfi 2 + ddi/tfi) pi 

+ (mdi/tfi 2 - ddi/tfi + kdi) — pi - kdi — pri +~ fei (66) 

[0101] CCT% HWJ1 fcBHitC*J«IX?iuf*a [0102] 
(52)<D*-5fcJbV>T\ 5S (4). (65)cfeydW/dt *tWr* [R4 3] 

T=Md T- 1 M(q)- 1 (M(q)"uf-D(q)P-S(Q, q))+(-Md T" 2 +Dd T" 1 )^ 

+ (Md T" 2 -Dd T~ 1 +Kd)lP-Kd~Pref+""fe 

=Md T" 1 [^uf+(-H(qr 1 J)(q)-T'" 1 +Md" 1 ])d)P 

+ (T~ 1 -Md~ 1 Dd+Md' 1 Kd T)"P-Kd _1 Kd T"Pref 

+Md" 1 rte-Kq) ^SCq, q)3 (67) 

[0 10 3] <fcoT, dwi/dt«o*©J:3tc*^ 0 [»4 4] 

[0 104] 

ii=mdi/tfi["ufi+(-{l[(q)- 1 D(q)}ii-l/tfi+ddi/iiidi)pi 
+Q/tfi-ddi/mdi+kdi tfi/mdi)"pi-kdi tfi/mdi"pri 
+tfi/«di"fei- £ {M(q)- 1 D(q)}lj pj-{M(q)- L S(q,i)}i] (68) 

[0 10 5] $OTA*l£ [»4 5] 

[0 10 6] 



(12) 
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ufi=hvil pl + hvi2 p2-K . . . +hvin pn+lvi pi+hri pri 
+ hfi f ei 4- hsi sgn (wi) (69) 



[0 10 7] t£<ts wi dwi/dt teoS?OJ:3K«: 



So 



[0 10 9] 3(70)*y % 
[0 110] 



[0 10 8] 
U&4 6] 

wi wi=mdi/tfi[hvii-{M(q)" 1 D(q)}ii-l/tfi+ddi/radi]wi pi 

+mdi/tfi[lvi+l/tfi-ddi/iDdi+kdi tfi/mdi]wi~pi 

+mdi/tfi[hri-kdi tf i/mdi]wi~pri 

+mdi/tfi[hfi+tfi/mdi3»i"fei 

+mdi/tfi £ [hvij-{J((q)- 1 DCq)}ij]wi pj 
i-l,jl-i 

+mdi/tf i [hsi | wi | - {K (q) ' x Stq, q) } i wi] 

[84 7] 

hvii< (M (q) _1 D (q)} ii + 1/tfi - ddi/mdi if wi p i>0 
hvii> {M (q) _1 D (q)} ii + 1/tf i - ddi/mdi if wi pi<0 
hvij< {M (q)-*D (q)} ij. j I = i if wi pj>0 
hvij> {M (q)~*D (q)} ij. j I = i if wi pj<0 
lvi<-/tfi + ddi/mdi-kdi tfi/'mdi if wi~~p iX) 
lvi> —/tii + ddi/mdi - kdi tfi/mdi if wi~~p i<0 
hri<kdi tfi/mdi if wi p ri>0 
hrl>kdi tfi/mdi If wi — p ri<G 
hfi< - tf i/mdi if wi — fei>0 
hfi> - tfi/'mdi if wi - fei<0 
hsi<- | {M (q)"^ (q, q)} i | 



(70) 



(71) 



[0 111] *»£T*«fc9fc3(69)0*y-f>*ffl» 

" uf = Hv P 4- Lv~nP + Hr"^P ref + Hf~~ f e + Hs 



[0 112] 
[84 8] 



Lv = diag [Ivl, lv2, . ♦ . , lvi, . . 

[0113] £&<t, #m&<D-mtitmi,tm9<D7u 

•y*EW>J:3tf*ti:*o tctcLs Hv,Hr,Hf,Hs(0^»* 
jC(6<»£rai;T*So H9lC*5l/>T* 30 1t4ffi««14 
Md, (5«ttttDd, ffi*IfflttKdO-r>t 0 -^>X/\°5p<- 
*H«W, 3 0 2»a(65)0)a™<oa»». 3 0 31* 
iC(71)TS*tlS7<- K/^*^>©ffl»***ffl 
T*So 3 0 5ted — Pref/dt 07 -f — 1*7**7— 
-YVHr, 3 2 0 tid"~P/dt(D7<- K/W *y-f VLvT 
35S 0 3 1 9ltt(61)<bn-Jt7>7 << IbZV&Zo ffitf) 



lvn] 



(72) 
(73) 



[0 114] 
[»4 9] 

{Mil (q) _1 Dn Cq)} ij, [Mn (q^Sn (q. q)} i 

[0115] 8*xmis)toMBmbiiuiamm*i& 

[0 116] 



(13) 
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m^7< - K/w^o^fflijtdj ><7®<Dim. mm 

J: y 7 f y Lft«*©»*eiMM«<OIIJtt»fl!> 

fctCit^TSttSJEtttf S < □ V 75 -f T 7 V X 

*y»tf«a?S * £ * . B(c <fc n«, 

[0 117] Sit* *»WfC«fctlW» V-tfaU— Ji© 
3S)Ss »n»fltfl»£«fcW|.7Jfl»i:» ff* 

»0 
mm 

[0 3] (a) 7**ax-*»£yv*«ff*i»t? 

(b) z^^ax-^astyv^fls^sem-ns^**! 

TW 

[04] *»WHJ6^©»M3R<07P-y^«E 

•y?0 

[07] *»W©IIM«fc£tt*1WW7n'y*BI 
[0 8 ] *8HaJttt^&tt«fHfflK®7n y 
[0 9 ] *»W©HJfi«Kcfc^*«IWm©7P 

1 : 7^fn-$ 

2 : y 

3 : IV Ki7i** 

4 : XXM 

6 : y v^asrottBs ananas 

7 : iVKx7x**lCjbnfo*tt?J©«ai« 



8 :xvKx7i^**«»Mir*SIWI 



1 1 


*§tmmtm<o-*=.k*3.\s-*ot&& (22) «s 




1 2 


attomiMHM-^pv* 


2 1 




2 2 




2 3 




2 4 




2 5 




2 6 




2 7 




2 8 




ZJ3 





10 1: 7**aX-*»ty>*«5tf*3«a*rtLT 
10 2: BttQMtt 

103: y >^8BOttB7 -r-K/^^y-fV MBM 
14) 

104: y v^a5©5Sja7-r-K/<«y^y-rv «ss*s 

14*HIBr*y-fV] 
10 5: 737-f-K/^y^y-fV 
10 6: 

10 7: jS¥EW<E>ftf?8P 

1 0 8 a : 55 (27) lCSt3<7<- K/W^-fVOflJ 

1 0 8 b : S (30) lc»rJ< 7-r- K/W*** V(D«3 

1 0 9 : 7^fil- JrSHMIty V?gUfilffiCDfflM<9 

1 1 0 : 7ffu- ?a503lJS7<-- K/f-y^-O 
111: B*aaJ8*07-f-K7*7-Ky-rv 

112: yv^wo!)5iiS7<-K/<yf y-rv 

112b: yv^SBOlB5Ml7-r- K/^y^ y-f> 
1 1 3 : fl-*j<OI5ra»#<07-f- K/ty^y-f> 
113a: »*<07-f-K/«y^y-<> 



1 1 4 






1 1 5 


T * * jl X- 9 mtLW<D&&& 




1 1 6 






1 1 7 






1 1 8 






1 1 9 






2 0 1 


tea? -f - K/ v ?<< y'tm 




2 0 2 






2 0 3 






2 0 4 






2 0 5 







yra»«^0*lftfT5<J) 

2 0 6: L/->0)It*7f-f ^XS»fT9"J 

2 0 7: MfiPE»73JS*<Z>lt0y«#« 
2 0 8: J;iBIS h;U^o«»« 



(14) 



ftfflW- 10-309684 



2 0 9 




3 0 6 


:d~fe/dt (D7 << - K/^^^-f VHv 


2 10 


/ J \ ivy i^v i-M j rX 


3 0 7 




2 11 


fill fMj&g 


3 0 8 


: dP/dt <D7^~ KM^>rVVHv 


2 12 


l^JIXH /^J T^C I-M j^+rX 


3 0 9 




2 1 3 






2 14 


■7- fcfn. U— ^tD^-f ?X 


3 1 0 




2 1 5 






2 1 6 




3 1 1 


:^zifcr^Js Mtti««dq/dt^6#ifej««dP/ 


2 1 7 


^- t°a U— ^^-^□^T^JOlca 


dt^GD^ 


2 1 8 




3 1 2 


:M**^-f ***SM?5U. P=R (q) 


2 1 9 




3 1 3 




2 2 0 


flllST 7 ^ ^ a x- £ CO H -5 4 1 S 


3 1 4 




2 2 1 




3 1 5 




3 0 1 


X/ \°^p<-£Md, Dd, KdCDlS^gP 


3 1 6 


: m®imm&^® 


3 0 2 




3 1 7 


: ^-k:aU-^^^-r^^ OX 


303 




3 1 8 




3 04 




3 1 9 




3 0 5 


dPref/dt 35£W£d — Rref/dt07f - K7* 


3 2 0 




■7- K^VHr 







[HI] 



XrtTj 




1080 









©If* 


W 












[04] 



[05] 



Ko 



1 

12 



1+Kf S + C f+KT 



11 



27 



21 



Mm 



Kg 



fTWTft 
Dm n 



25 



23 


Ko 








Ml 




f 













fe 



22 



24 



(16) 
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[H6] 



J(q) T 



UJ 



>-Flt(*) 



.217 

220 
J 



JW«5 



,218 



-Fext 



J(q) 1 



-217 



Text 



221 



Tfrix 



Mjn(qjs+DJn 

— r~ 

215 



M«5 



-219 



-216 



B73 



Xret* 



201 
Kd 



204 



203 



207 








J(q) T 









Ov 



-202 



J(q) 




-FftXt 



214 



212 



(17) 
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nasi 



-fe 



304 

1 



dt 



Prtf 



Fit 











Pref 



302 



W<D»t* w 

*<43) 



Dd.Kd 



305^ 



-304 



f (56 



Hv.Hr.Hf. 

Hs© 

(56) 



Hr 



fe 



Hf 



Hs 



307 




-306 
309 



J<q) T 



£Uf 



+ III L k =Vl 



UJ 



Hv 



303**«! 



-308 



-310 

314 
J. 



fe 



3t (4) 



311 



J<q) 



301 -f>e-5T>^ 



R(q) 



315 
J 



-316 



317 



3ia 



[09] 



319 



Pref 







(61) 







(61) 

T 
319 

Pref 




3^13 



310 



J(q) 1 



320 



319- 



* (6I 



Nt(6l)| 



314 



fe 



318 



**<Z> 



Jt(4) 



R(q) 

"3" 



315 
-J 



,316 
-9_ 



